ABSTRACT In the field of mobile computing, after the placement of sensor nodes, energy efficiency of data transmission in the sensor network is becoming a critical issue as the sensor nodes are battery-operated devices. Most of the proposed protocols implement clustering based methods in order to balance the energy consumption among the sensor nodes through data aggregation. In this paper, a new method named a two-stage RPSO-ACS based protocol is proposed to improve the energy efficiency and network operation quality in the data transmission process, prolonging the lifespan of the network. Firstly, in the process of cluster head (CH) selection, the resampling particle swarm optimization (RPSO) is introduced, which shows better precision and efficiency than particle swarm optimization (PSO) and genetic algorithm (GA). Secondly, after the selection of cluster head, instead of the single-hop transmission from the cluster heads to base station (BS), which is used in many papers, we adopt multi-hop transmission to save energy. The ant colony optimization (ACO) is used to select the relay nodes between the cluster heads and the base station for the purpose of minimizing the energy consumption in the transmission process. In addition, we determine the reasonable threshold based on the energy consumption curve of the transmission. In this way, the nodes within a radius of the threshold from BS communicate with BS directly to save energy. Experimental results show that the proposed methods achieve the goal of improving the energy efficiency and operation quality of the sensor network in comparison to traditional methods.
I. INTRODUCTION
In mobile computing, wireless sensor networks (WSN) has emerged as powerful platforms in many different applications to percept information and transmit data. For surveillance and security, camera sensor nodes need to be deployed in the target area. Since all the nodes run on battery, when the battery runs out, the node is dead. Therefore, it is of great significance to utilize the energy of the sensor network optimally after placement. In this way, after transmitting a certain amount of data, the total energy consumption would be lower, the alive nodes would be more and the coverage of the sensor network would be better.
To address this problem, many researchers have proposed different kinds of solutions [1] , [2] . The basic method
The associate editor coordinating the review of this manuscript and approving it for publication was Xuxun Liu. is to transfer information from all sensor nodes to the base station (BS) directly. However, this method consumes too much energy, especially for nodes far away from BS. To improve the efficiency, an effective relay selection scheme for prolonging the lifetimes of nodes is designed based on the battery-friendly nature of the battery [3] , but the quality of surveillance decreases. Clustering mechanisms are more suitable for sensor networks with continued data flowing. At each round, the network is divided into several clusters, all the sensor nodes transmit data to their respective CH and every CH aggregates data and forwards them to the BS [4] . A representative clustering protocol is called the LEACH [5] which selects cluster heads randomly and performs data aggregation processes in the clusters at each round. Compared to the LEACH, PEGASIS [6] consumes less energy per round. LEFC [7] cluster the sensor network by local information of the nodes. Though these methods improve the energy VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ efficiency to some extent, the cluster distribution of them is uneven, which causes the unbalance energy consumption of sensor nodes. In this way, some nodes might die quickly and the network surveillance quality could be affected. In recent years, swarm based optimization algorithms are used in the routing protocols as an efficient way. Ant colony optimization (ACO), simulating the behavior of ants when finding food sources [8] , is a candidate method for multi-path routing to maximize network life time [9] . But the drawback of multi-path routing is that a large amount of data flow through the nodes near the BS, making them die immediately. Particle swarm optimization (PSO) [10] , which simulates the flock of birds searching for food, is used in LEACH based routing. Latiff et al. [11] introduce the PSO-based clustering (PSO-C), which is considered as an energy-aware routing protocol that adopts the PSO technique to construct clusters. In [12] - [15] , PSO is used to establish clusters and select CHs in a WSN. The optimization target is to minimize the intra-cluster distance and maximize the energy of selected CHs. So the cluster distribution is more uniform and results are better than LEACH. However, PSO is still easy to get trapped in local optimum prematurely. After some iterations, some particles might still be far away from the potential optimal position, which called 'moving lag'. Furthermore, they ignore how CHs send the aggregated data to BS. Each CH transmit data to BS directly, which is unrealistic. If a CH is far away from BS, the energy consumption of communication would beyond our acceptability. An improvement in their research is that a CH select other CHs between itself and BS as relay nodes, so the communication distance of it would decrease. But the routes of CH towards BS are always not the optimal path which consumes the least energy. In addition, because most of CHs also act as a relay node, the energy consumption on them become much larger, making them easy to die, which increases the load imbalance of sensor network.
Some studies try other methods such as using mobile sink node [16] - [18] , [21] . The mobile sink node travels across the sensing area to collect data from CHs. In this way, when transmitting data, the communication distance between CHs and sink node would be much smaller so that the energy consumption is reduced greatly. In [19] , both static and mobile sinks are used. Wang et al. [20] utilizes multiple mobile sink nodes to collect data in the WSN. The rationale velocities and first positions of the sinks are studied. The results shows that network lifespan is improved as the number of sink nodes is increased up to a definite point. However, in the data collection process, only the CHs near the mobile sink send data to it, while others are inactive, which influences the network monitoring effect. Some important information might not be transmitted in time, leading to serious consequence.
In conclusion, the previous work either use cluster based strategy which fail to make an optimal plan about how CHs transmit data to BS or use mobile BS which decreases the network monitoring effect. To make a better plan, we propose a new protocol: a two-stage RPSO-ACS optimization method for clustering and routing of sensor networks.
In our previous work, the RPSO combined with the hierarchical strategy is used to address the coverage optimization problem of sensor network [22] .
In this paper, we assume that the camera nodes have been placed optimally to gain the best coverage ratio as shown in Fig.1 , and then on the basis of it we propose a two-stage RPSO-ACS based protocol to improve the energy efficiency and network surveillance quality in the data transmission process, prolonging the lifespan of the network. Firstly, the energy consumption curve of the transmission is analyzed. All the nodes are classified into two groups according to the distances between them and BS. The nodes near the BS transmits information to the BS directly to save energy while others goes to clustering process. Then, in the clustering process at each round, we adopt the resampling particle swarm optimization(RPSO) [23] , which is introduced in our previous work. Compared with PSO, RPSO has better computational efficiency and it is easier to jump out from local optimum. Our objective of the clustering is to select the nodes with the highest energy and minimize the intra-cluster distance. And then each node sends data to its corresponding cluster head. After the cluster heads have aggregated the data, the Ant Colony System (ACS) is used to select the relay nodes between each cluster head and BS, finding optimal transmission path which consume the least energy.
The contributions of this paper can be summarized as follows:
• A new transmission strategy is proposed. The energy consumption curve of the transmission is analyzed, then the range could be determined so that the nodes around the base station transmits information to the base station directly to save energy;
• The resampled particle swarm optimization (RPSO) algorithm is utilized to select the cluster head, improving the optimal solutions significantly compared to PSO;
• After the selection of cluster head, instead of the single-hop transmission from the cluster heads to BS, we adopt multi-hop transmission to save energy. The ant colony algorithm is used to select the relay nodes between the cluster heads and the base station, so that the energy consumption in the transmission process is the lowest. The rest of the paper is organized as follows. In Sect. II, the model of the two-stage RPSO-ACS protocol is described. In Sect. III, we introduce the resampling particle swarm optimization(RPSO) and ant colony optimization (ACO). Then experimental results are presented and analyzed in Sect. IV. In Sect. V, we conclude the paper, pointing out the directions for the future works.
II. THE MODEL OF THE PROBLEMS A. THE NETWORK MODEL
The methods of finding the optimal deployment of the camera sensor network to get the best coverage is introduced in [22] . We apply the methods in a 500 * 500 monitoring region with 300 camera nodes, the working radius r s of all the camera nodes is 30m and the angle of view is π/4. The placement of the nodes after optimization is shown in Fig.1 . The initial energy of each node is 1J .
The following basic assumptions are made in this paper:
• Sensors are homogeneous;
• Sensors have the same initial energy;
• There is no obstacle between each pair of sensor nodes;
B. ENERGY MODEL
The energy model used here is described in [8] . As shown in Fig.2 , the transmitter consumes energy to run the radio electronics and the power amplifier, and the receiver consume energy to run the radio electronics. where E T is the energy cost by data transmission and E R is the energy cost by data reception. E elec , ε fs and ε mp respectively represents the energy required by the electronic circuit, the amplification coefficient of the amplifier in free space and the amplification coefficient of the amplifier in the multipath. ε mp is used when the transfer distance is larger than threshold d 0 . k is the number of bits of data transmitting.
For the simulations described in the paper, the parameters are shown in Tab.1
C. FILTER CLOSE-RANGE NODES
After all the sensor nodes are deployed in an optimal manner to maximum the coverage of the network [22] , they become stationary. Similar to LEACH, the network operating time is divided into rounds. In each round, all the sensor nodes collect the data within its detection range. All the nodes are divided into two groups: the nodes near the base station (BS) transmit the data directly to the base station and other nodes send data to their corresponding cluster head (CH).
Based on the energy model, the energy consumption per bit of transmitting and receiving data depends on the number of transmission and d. We can see that if the distance between BS and sensor node is sufficiently small then the energy consumption is small for direct communication in comparison to cluster based communication.
As shown in Fig.3 , where d 1 is the distance between BS and sensor node, d 2 is the distance between sensor node and cluster head, d 3 is the distance between cluster head and station. The energy consumption for direct communication to BS is shown in (5), the energy consumption for cluster based communication is presented in (5). Even though d 2 and d 3 are close to 0, the consumption for cluster based communication is Equation (6), if Equation (7) is satisfied, the energy consumption for direct communication E n−BS would be smaller than the consumption for cluster based communication E n−CH −BS .
As shown in Fig.4 , we can see if the distance between base station and sensor node is within 93.65m, Equation (7) is satisfied, which means the energy consumed by direct transmission to BS is less than which consumed by cluster based communication (E d1 < E d2 + E d3 ), so in our method, the nodes within a radius of 93.65m from BS communicate with BS directly to save energy.
Then at each round, the cluster heads are elected by RPSO based on their locations and energy in the nodes group which beyond a radius of 93.65m from BS. The number of clusters takes up 5% of the number of all nodes alive [2] . To optimize the selection of cluster heads, the following objective function is used to compute the optimum:
where ε is the weight that ranges between 0 and 1. And f 1 and f 2 are given by In this function, node ki is the node i belong to the cluster k, CH k is the cluster head in the cluster k, Num k is the number of nodes that belong to the cluster k. Therefore, f 1 is the maximum intra-cluster distance among all the clusters.
where clusterNum is the number of clusters, max(E) is the maximum energy of all nodes alive, and En is the sum of total current energy of the cluster heads. In this way, f 2 is the ratio of cluster heads energy to the maximum energy of nodes. In the experiment, ε is set to 0.6 while 1 − ε is 0.4
E. FINDING THE BEST WAY TO BS
After cluster heads have been selected, nodes would communicate with its nearest cluster head and send data. After cluster heads finish receiving data, they would send the data by wireless links to BS. Due to the long distance between CHs and BS, the energy consumption of direct communication is very large. So it is necessary to choose relay nodes. We use Ant Colony Optimization (ACO) to choose relay nodes, finding the lowest energy paths from cluster heads to BS. The following objective function is used to find the best way:
where N is the the number of passing nodes, d ij is the distance from current node i to next node j, E elec , ε amp and n is the energy consumption constant shown in radio energy model. Because the number of sensor nodes is large, ACO has difficulty in finding the best way quickly and accurately. Therefore, we add a limit to the alternative nodes set of each CH. As shown in Fig.6 , a cluster head would choose the nodes which stay within the rectangular area between the CH and the BS as candidates to reduce the complexity of path. The width of the area is given by Equation.12. As the number of clusters decreases, the width increase to ensure that there are enough alternative nodes. where clusterNum b egin is the number of clusters at the beginning, while clusterNum is the number of clusters at current round. 20m is the width of the transmission area at the beginning, as the alive nodes and clusterNum decreases, the width of the area increases to ensure adequate relay nodes in the area. The optimization process of this paper is shown in Fig.7 and Fig.8 .
• Initializing node energy and node location.
• Grouping nodes based on distance from node to BS.
• Selecting cluster heads by RPSO for remote nodes.
• Obtaining the optional relay nodes between each CH and BS.
• Finding the best way between each CH and BS by ACO.
• Sending the data and calculating energy consumption.
• Calculating the number of alive nodes.
• Starting a new round.
III. ALGORITHM A. RESAMPLING PARTICLE SWARM OPTIMIZATION
Particle Swarm Optimization (PSO) is widely used because of its high-performance and flexibility. However, there are potential problems of the classical PSO. Since the initial position and initial velocity of the particle are random, even after several rounds of iteration, there would still be particles far away from the optimal solution, which slow down the speed of the entire group toward the optimal solution. For high-dimensional multi-peak problems, PSO is easy to fall into local optimal solution. To overcome the shortcomings mentioned above and improve the performance of PSO, the resampling process, inspired by the Particle Filter (PF) [24] , [25] , was introduced to PSO. The new optimization algorithm is called Resampling Particle Swarm Optimization (RPSO). The main steps for resampling are as follows: 1) Determine whether it is necessary to resample low-weight particles according to the step. 2) Give each particle a weight value as Equation (13) and Equation (14) .
where q i is the weight value given to particle i, F(x) is the fitness function, p g stands for the current global optimal value, σ is the sample variance of F(x i ) − p g . Q i is the unitary weight value given to particle i. 3) For each particle, if Q i < q t , then
wherex i (t) is the new position introduced randomly, q t = Q − 2 * σ 2 (Q). The way to update velocities is shown in (16) .
where t is the current step, T is the maximum step,v i (t) is the new velocity introduced randomly, we can see because of
T +t
2T and T −t
2T the larger the number of steps, the larger the proportion ofv i (t). The RPSO, introducing the resampling technique to PSO, improved performance of particle swarm optimization. The pseudo code of RPSO is presented in Algorithm 1.
Algorithm 1 RPSO Algorithm
given the size of the swarm N , the maximum step of iteration T set i = (1, . . . , N ),t = 0 initialize the particles x i (0), p i (0), v i (0) while convergence is not arise, do for each time step t, do if the resampling step comes, then Ant colony optimization (ACO) takes inspiration from the foraging behavior of ant species. These ants deposit pheromone on the ground in order to mark some favorable path that attract other members of the colony. Ant colony optimization exploits a similar mechanism for solving optimization problems. [26] The main steps for ACO are follows: 1) Making a list. The list include unvisited cities and the pheromone on the path. 2) Choosing the next city by Equation (17) .
argmax[tau(r, u)
|d ru − 93.65| (18) where tau(r, u) is the pheromone between current position and unvisited cities, eta(r, u) is the man-made expectations as shown in Equation (18) d ru is the distance between current position and unvisited cities, argmax chooses the city with max value, cumcom chooses the next city by roulette, q 0 is a parameter determining the possibility about choosing argmax. 3) Updating the pheromone concentration. If an ant reach BS, we would calculate the distance he has traveled, and then update the pheromone concentration by Equation (19) . After all ants reach destination compute pheromone loss by Equation (20) .
where tau is the pheromone on the way that the ant passed, score is the objective function shown in Equation (11), η is loss factor. The pseudo code of Ant colony optimization is presented in Algorithm 2.
Algorithm 2 Ant Colony Optimization
given the maximum step of iteration T , the number of ants N set i = (1, . . . , N ),t = 0 initialize the pheromone tau, unvisited cities, best score for each time step t, do for each ant i, do while destination is not arise, do choose next city in unvisited cities by Equation (17) MATLAB 2017a software platform. They are conducted on a Core i5-3450 3.1 GHz PC with 8GB memory, running Windows 7.
2) SIMULATION METRICS
To compare the performance of the proposed routing algorithm with the prevalent ones, we measure the following metrics:
a: NUMBER OF DATA MESSAGES
The number of data massages metric determines how many data messages are received to the base station from the network. The more amount of data messages received at the BS reveals less die rate of nodes and expenses of energy.
b: NUMBER OF ALIVE NODE
The performance of a network depends on the lifetime of its nodes. If the lifetime of the nodes is high then the network performs well and also transmits more data to the base station.
c: ENERGY
This matric greatly affect the network as the lifetime of a node and then will affect the number of data being transmitted by the nodes. So the low expenses of energy will increase network performance.
d: COVERAGE RATIO
Coverage ratio the effectiveness of the network on the observation of the target area.
we assume that once the number of alive nodes is less than 200, the network die. Therefore, we run 200 rounds and analyze the results gained by each protocol. At each round, it cost 300 iterations (70s) for RPSO based clustering process and 500 iterations(20s) for ACO based routing process.
B. RESULTS AND ANALYSIS 1) DATA TRANSMISSION Fig.9 and Fig.10 respectively represent of the number of alive nodes and the number of data messages received by BS over time. In Fig.9 , RPSO-ACO select higher energy and denser area node as its cluster heads in every round, so the alive nodes number of it is higher than other protocols. Because of the large areas need to be observed, the clusters of LEACH and PSO-C need to send data to the base station at a very long distance, so its nodes die quickly in the beginning of time. Fig.10 shows the number of data packages received at the base station. In all the protocols (LEACH, PSO-C, RPSO-ACO and PSO-ACO), each package is transmitted to the cluster head through a single hop, and then the LEACH and PSO-C send the data to BS directly, the RPSO-ACO and PSO-ACO send the data to BS through relay nodes. Due to a more even distribution of energy consumption, the nodes mortality rate in RPSO-ACO in Fig.10 is the least, so more data would be sent to BS than other protocols. We can see in the Fig.10 the data received by BS is improved from 121.6Mbit to 222.6Mbit.
Tab.2 shows the the optimal results of LEACH,PSO-C, RPSO-ACO and PSO-ACO. Compared with other protocols, the mean, maximum and minimum value obtained by RPSO-ACO are all higher in each case. RPSO-ACO obtained about 224.672Mbit in its max data throughput and 222.608Mbit in its mean data throughput after running ten times.
Compared with LEACH, the max data amount of RPSO-ACO is increased by 84%. Compared with PSO-C, the max data amount of RPSO-ACO is increased by 60%, and the interval size of results is reduced from 5.962Mbit to 4.404Mbit. Compared with PSO-ACO, the max data amount of RPSO-ACO is increased by 1.124Mbit, and the interval size is reduced from 4.444Mbit to 4.404Mbit.
It is clear that the proposed RPSO-ACO performs best among the four methods, the amount of data received by BS VOLUME 7, 2019 FIGURE 11. Energy consumption over the total data received by BS.
FIGURE 12.
Coverage ratio of monitoring region over time.
can reach 224.672Mbit, which is the highest of all. Therefore, the RPSO-ACO can solve the problem better, getting more accurate solutions and performing much more stable. Fig.11 is the energy consumption over the total amount of data received by BS. In Fig.11 LEACH and PSO-C have high energy consumption by transmitting data in most times, while the energy consumption of RPSO-ACO is lower and more stable. In LEACH and PSO-C, at the beginning, the energy consumption is high and the nodes far away from BS would die quickly, and the average distance of alive nodes form BS would be shorter. In RPSO-ACO, the alive nodes are evenly distributed in the area, so the energy consumption of receiving unit data is stable.
2) ENERGY CONSUMPTION
3) COVERAGE RATIO Fig.12 represents the coverage ratio of monitoring region over time. In Fig.12 , the coverage ratio of LEACH and PSO-C drop rapidly at the beginning because the cluster head nodes far from the BS consume too much energy and quickly die. The decrease in the number of alive nodes is one of the reasons for the decline in coverage. At the same time, due to the rapid death of the cluster heads far from the BS, alive nodes of LEACH and PSO-C would distribute densely around the base station. RPSO-ACO establishes clusters based on energy and node density clustering, and uses ACO to find the optimal way to the BS. So the energy consumption of the nodes is more even and the total of them is less, leading to more alive nodes and making them more evenly distributed in the monitoring region, which improves the observation coverage. Fig.13 and Fig.14 is the nodes distribution of LEACH, PSO-C, RPSO-ACO and PSO-ACO in 50 round, 150 round. We can see that alive nodes of LEACH quickly approach the base station over time and PSO-C also has similar problem. RPSO-ACO and PSO-ACO don't have this problem. Alive nodes number of RPSO-ACO and PSO-ACO are much more than LEACH, PSO-C and the nodes are more evenly distributed in the monitoring region, increasing the coverage ratio.
Tab.3 shows the coverage ratio of monitoring region of LEACH, PSO-C, RPSO-ACO and PSO-ACO in 200 round. Compared with LEACH, the mean, maximum and minimum value of RPSO-ACO are all higher in each case, the max coverage ratio is increased by 37.5% and the value of it reaches 0.6396. Compared with PSO-C, the max coverage ratio is increased by 28.8%. RPSO-ACO is also better than PSO-ACO. Compared with PSO-ACO, the max coverage ratio is increased by 2.75%, and the interval size of results is reduced from 0.0720 to 0.0606. It shows that RPSO-ACO cover the largest area, and RPSO-ACO has higher calculation accuracy and convergence speed.
V. CONCLUSION AND FUTURE WORK
In this paper, we propose a two stage RPSO-ACO based protocol to address the data transmission problem of wireless sensor networks. Through the strategy we find the best data transmission path, improve the network lifetime, increase the amount of data in the transmission process and elevate observation coverage ratio. The conclusions of this paper could be summarized as follows: 1) RPSO is adopted in the clustering optimization problem. In this algorithm, some unimportant particles would be replaced to improve algorithmic efficiency. The experiments show that compared to PSO, the optimal results of RPSO is more stable and more precise. 2) RPSO-ACO optimization protocol is used to solve clustering and routing problems. The experiments show that it gets higher data transmission capacity, longer network lifetime, higher coverage ratio and performs much more stable than LEACH, PSOC and PSO-ACO. 3) A new transmission strategy is proposed, if the distance between the sensor node and base station is less than a certain value, the node should transmit data directly to base stations regardless of the structure and scale of sensor networks. In this way, data would be transmitted with minimal energy consumption.
For the future work, we would like to investigate the following issues. Firstly, We would improve RPSO to make it more efficient, faster and more accurate to obtain the optimal solution. Then the network connectivity would be further discussed [27] , [28] , the optimization problems of which would be studied based on a novel transmission strategy.
On the other hand, the novel deployment strategy of the sensor network [29] and other data collection scheme [30] would be studied.
